Abstract: A series of triflate salts have been examined for synthesis of benzochromeno-pyrazole derivatives from three component one-pot reaction of aromatic aldehydes, 3-methyl-1H-pyrazol-5(4H)-one and α-or β-naphthol under solvent-free conditions.
Introduction
Multi-component condensations (MCRs) constitute an especially attractive synthesis strategy for rapid and efficient generation of products due to the fact that the products are formed in a single step and also the diversity could be achieved simply by varying the reacting components 1 .
During the past few years, the outstanding potential of a variety of metal triflates has been discovered, thus triggering much research endeavour. The triflate anion is both weakly nucleophilic and coordinating, rendering the metal counter ion more cationic and thus a stronger Lewis acid 2 . Although metal triflates have long been known to promote elimination reactions, oxidative coupling reactions and reactions of diazo compounds 3 but its full synthetic capacity has long remained unveiled. In general, Lewis acid catalyzed reactions have gained increasing interest due to the unique reactivity and selectivity that can be achieved under mild conditions.
Chromene compounds occupy an important place in the realm of natural and synthetic organic chemistry. They are used as anticoagulants, additives in food and cosmetics, and in the preparation of insecticides, optical brighteners, and dispersed fluorescent and laser dyes 4 . Chromenopyrazoles are known to exhibit interesting biological properties 5 . Some procedure for synthesis of chromeno-pyrazole derivatives have been reported already: Abunada et al. 6 studied synthesis of chromeno [3,4-c] pyrazole derivatives from hydrazonoyl bromides and substituted coumarins. Heravi et al. 7 reported one-pot synthesis of benzochromenopyrazoles catalyzed by sulfamic acid.
Nowadays there is an increasing awareness of urgent necessity to limit, as far as possible, any source of pollution. Facing up to these facts, chemists have to dedicate numerous efforts to the development of clean technologies 8 . This new challenge has led to growing interest in the displacement of organic reaction in aqueous media 9 and solvent free conditions 10, 11 .
RESEARCH ARTICLE
To continue our work in the synthesis of heterocyclic compounds via MCR reactions 12, 13 , herein, we wish to report an efficient and green synthetic route to chromenopyrazole derivatives via one-pot three component condensation of aldehydes, 3-methyl-1H-pyrazol-5(4H)-one and α-or β-naphthol catalyzed by a series of metal triflates (Scheme 1). 
Experimental
A mixture of an aromatic aldehyde (1 mmol), 3-methyl-1H-pyrazol-5(4H)-one (1 mmol) and α-or β-naphthol (1 mmol), in the presence of cupper(II) triflate (10 mol%) was triturated together and the reaction mixture was heated at 80 o C for a certain time (monitored by TLC). Upon completion of the reaction, the reaction mixture was allowed to cool to room temperature, washed with water and recrystallized from absolute ethanol to give the pure products. Characterizations of selected products are as follows:
( 
Results and Discussion
The catalytic efficiency of Sc(OTf) 3 , Yb(OTf) 3 , La(OTf) 3 , Zn(OTf) 2 and Cu(OTf) 2 was studied. In all cases 10 mol% of the catalyst was used and the reaction was carried out under solvent free condition. As shown in the Table 1, the best result was obtained when copper(II) triflate was used as a catalyst. Therefore, the further study were carried out using copper(II) triflate as the best catalyst among the used catalyst.
To find the optimum reaction temperature, the synthesis of compound 2 ( Table 2 , entry 2) was studied in the presence of 10 mol% copper(II) triflate at the different temperatures of 25, 45, 65, 80 and 100. The results reveal that the reaction at 80 o C proceeded in the highest yield among the five tested temperatures. Therefore, 80 o C was chosen for the synthesis of different derivatives.
Having optimized the reaction temperature, a range of benzochromeno-pyrazoles was examined to explore the generality of this reaction and the results are illustrated in Table 2 . Several aromatic aldehydes bearing different substituents were employed in the reaction.
The methodology can be applied to aromatic aldehydes either with electronwithdrawing groups (such as nitro group, halogen) or electron-donating groups (such as methoxy group) with moderate to excellent yields. However, when the aliphatic aldehyde was applied to this reaction, no expected product was obtained. A plausible mechanism of the reaction was presented in Scheme 2. As shown the mechanism may involves the initial nucleophilic addition of 3-methyl-1H-pyrazol-5(4H)-one to the activated aromatic aldehyde, which may be catalyzed by Cu(OTf) 2 , to give A, nucleophilic addition of α-naphthol/β-naphthol to the intermediate A and finally heterocyclization followed by dehydration. Scheme 2. The proposed mechanism for synthesis of benzochromeno-pyrazoles
Conclusion
In summary, metal triflates exhibited high efficiency for the synthesis of benzochromenopyrazole. An efficient, one-pot synthesis of benzochromeno-pyrazole derivatives from aromatic aldehydes, 3-methyl-1H-pyrazol-5(4H)-one and α-or β-naphthol under solvent-free conditions catalyzed by copper(II) triflate has been described.
